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Abstract 
One of the most intriguing and debated issues in portfolio theory are the interrelationships between stock 
markets and the real effects of these to international portfolio diversification. As markets become more 
integrated the co-movements between markets tend to rise, undermining the benefits of international portfolio 
diversification. Our paper proposes to study the changes in the linkages between stock markets returns from 12 
countries with a factor analysis approach between September 1997 and May, 2012, emphasizing the Eastern 
European markets. The Principal Component Analysis (PCA) and the Maximum Likelihood (ML) methods are 
used to study the patterns underlying the stock market relationships. 
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1. Introduction 
The level of interaction or independence between markets has important consequences in terms of 
predictability, portfolio diversification and asset allocation. The concept of international diversification was 
introduced by Markowitz in 1952; while Grubel, 1968; Levy and Sarnat, 1970; and Solnik, 1974 establish that 
international diversification reduces the systematic risk of a portfolio.  
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It is important to notice that in the financial literature three main approaches arise in describing the 
relationships between markets. The first group of studies measures stock market integration by using a single 
criterion, namely the law of one price. This approach introduced by Tamir,1972 and tries to explain assets price 
level through the influence of a global market. At the base of this lies the CAPM, which states that a common 
asset pricing model should be able to explain the different price levels of assets on different markets. This type 
of integration can be viewed as integration through prices. The second view of integration was introduced by 
Feldstein and Horioka, 1980, and, in order to determine stock market integration the impact of barriers to 
capital mobility is measured. Formally it can be viewed as capital-flow integration, since it is connected to the 
mobility capital between stock markets. The third approach compares the evolution of stock markets in order to 
observe their degree of integration. Risk integration defines integration from the point of view of mutual risk 
factors in asset returns, where these features are rather global than national specific.  
As we can observe, the approaches for defining the relationships between markets differ, but so do also the 
methodologies that explore and try to capture the linkages between them. There are mainly four distinctive 
techniques: the first investigates the relationships between stock markets using the correlation coefficient. 
Following this approach King and Wadhwani, 1990 find an increase in stock market correlation, as do Calvo 
and Reinhart, 1996. Baele and Inghelbrecht, 2010 use a dynamic regime-switching model to characterize the 
fundamental linkages between markets, they find that stock markets become more integrated, but they do not 
find evidence of contagion. This conclusion of no contagion, only a higher level of dependence between 
markets is conclusive with the results of  Forbes and Rigobon, 2002. 
The second type of methodology examines the cointegration vectors between the stock indices for capturing 
over longer periods of time the changes in the interlinkages between markets. As stated earlier through 
international portfolio diversification gains can be achieved, if the different markets are not integrated. On the 
other hand, if integration between markets is indubitable, international diversification may have only a limited 
potential. Arshanapalli, Doukas and Lang, 1995 find evidence of common stochastic trend between the studied 
markets, as do Gilmore and McManus, 2001; Syriopoulos, 2006; Narayan, Mishra and Narayan, 2011. Other 
studies, like Richards, 1995; De Fusco et al, 1996,  Kanas, 1998;  Ahlgren and Antell, 2002; Ng, 2002;  
Phylaktis and Ravazzolo, 2005 argue that investors can still benefit from international portfolio diversification. 
The third approaches involve the univariate and multivariate general autoregressive conditional 
heteroscedasticity models for estimating the variance-covariance structure between the markets. Hamao, 
Masulis and Ng, 1990 use this procedure to examine the relationships between the analyzed markets, and find 
spillover effects, characterized by different grades of asymmetry from one market to another. The same 
conclusions of raised correlation between stock markets in periods of high volatility is reached by Longin and 
Solnik, 1995; Edwards, 1998; Lin, Engle, Ito, 1994; Bae and Karolyi, 1994; Bekaert and Harvey, 1995; 
Fratzcher, 2002; Choudry, 2004; Billio M., Caporin, M., 2007. 
The forth approach uses factor analysis to investigate the relationships between markets.  Ripley, 1973 
adopting this approach in one of the first papers concludes that in developed countries between stock markets a 
certain link can be found. Naughton, 1996; and Hui, 2005 using the same approach both conclude that potential 
for diversification still exists in the Asian countries. Illueca and Lafuente, 2002 together with Fernandez-
Izquierdo and Lafuente, 2004 examine the linkages at an international level during the Asian crisis, and 
conclude that contagion and integration can be identified, with no real portfolio diversification effects.  
Valadkhani, Chancharat and Harvie, 2008 conclude that geographical proximity and the level of economic 
development influences the degree of connection between markets. In this case investor can benefit from 
international portfolio diversification and reduce systematic risk only if the construction of the portfolio 
respects these guidelines.  
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The remainder of this paper is organized as follows. Section 2 describes briefly the empirical methodology 
employed for the analysis, while Section 3 contains the empirical finding of the analysis, while Section 4 
incorporates the conclusions. 
2. Methodology 
We selected for analyzing the relationship between the selected markets the principal component analysis 
and the factor analysis. Principal component analysis is described by Jolliffe, 2002 as a transformation of a data 
set, reducing the dimensionality of it, while retaining as much as possible of the variation present. PCA creates 
for the first principal component a linear equation which extracts the maximum total variance of the variables, 
the second component removes the variance explained by the first component and creates a second 
combination with the maximum remaining variance orthogonal to the first principal component. We consider 
an initial matrix of returns R by size t×n, while the correlation matrix of R is defined by C. The principal 
components of C are the columns of the PC matrix of size t×n matrix defined by   
 
                                                                                                                                                                       (1) 
 
Where EV is a n x ×n orthogonal matrix of the eigenvectors of V, in this case                               and: 
 
                                                                                                                                                                            (2) 
 
    In factor analysis the factors are considered underlying latent variables that influence the evolution of R. In 
this case R is defined as a linear combination of the underlying common factors, with an error term which 
represent the unique variation in each stock market.  Cf stands for the common factor, while the elements of  
represent the factor loadings, with the element ij  indicating the ith  variable of the jth factor.   
                                                                                                                                                                            (3)  
3. Empirical Findings 
    The statistical data used in this paper consist of the daily stock index closing prices of the following 12 
countries: PX from Czech Republic (CZ), DAX30 from Germany (DE), CAC40 from France (FR), Hang-Seng 
from Hong-Kong (HK), BUX from Hungary (HU), BSE 100 from India (IN), Nikkei 225 from Japan (JP,. WIG 
from Poland (PL), BET from Romania (RO), SAX16 from Slovakia (SK),  FTSE100 from United Kingdom 
(UK), SP500 from the United States of America (US). The sample period is between 19 September, 1997 to 05 
May 2012, totalling 3848 daily observations for each series. Although the sample period covers only a period 
of 15 years, it allows us to capture the recent financial crisis. The returns tR  are calculated by taking the 
logarithm of the ratio of two consecutive weekly closing prices tP  and 1tP : )/ln( 1ttt PPR . From now on 
these series will be used, where these represent the variation of the logarithmic daily financial series in two 
consecutive days. 
     The statistical properties of the returns for the markets report that most of the indices depart from normality, 
with mostly negative skewness, except the indice from Hong-Kong. In these markets the negative shocks are 
more frequent than positive ones, due to this feature. Also a commonality for all the markets is the presence of 
the excess kurtosis, according to which large shock are more common than expected statistically.    For testing 
the existence of dependencies between the returns the Ljung-Box test was applied, which suggest that linear 
components can be found in these series. In order to filter out these interconnections  ARMA (p,q) models were 
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proposed for each of them. The results of these models are not reported here but are available from the authors 
upon request. After the filtration no autocorrelation can be detected in the series.   
Table 1. Unconditional correlations and Anti-Image Correlations of the 12 stock markets 
 CZ DE FR HK HU IN JP PL RO SK UK US 
CZ 0.926 0.040 -0.089 -0.014 -0.197 -0.081 -0.082 -0.206 -0.193 -0.015 -0.089   -0.016 
DE 0.468 0.878 -0.546 -0.050 -0.065 0.026 0.038 -0.063 0.013 0.005 -0.116 -0.225 
FR 0.527 0.867 0.826 0.042 -0.046 -0.032 -0.056 -0.010 0.003 0.022 -0.554 -0.065 
HK 0.375 0.351 0.367 0.850 -0.071 -0.209 -0.406 -0.138 -0.091 0.019 -0.066 0.017 
HU 0.513 0.484 0.505 0.369 0.932 -0.001 -0.020 -0.271 -0.033 -0.009 -0.030 0.001 
IN 0.315 0.255 0.287 0.390 0.256 0.932 -0.049 -0.078 -0.058 -0.007 -0.014 -0.026 
JP 0.327 0.260 0.301 0.531 0.281 0.277 0.840 -0.005 -0.040 -0.029 -0.005 0.022 
PL 0.523 0.476 0.495 0.418 0.534 0.312 0.297 0.924 -0.016 -0.001 -0.051 -0.002 
RO 0.355 0.217 0.243 0.276 0.251 0.213 0.220 0.254 0.921 0.008 -0.022 -0.016 
SK 0.025 0.009 0.008 0.005 0.020 0.015 0.029 0.016 0.003 0.532 -0.021 -0.025 
UK 0.527 0.793 0.871 0.385 0.494 0.289 0.301 0.495 0.253 0.020 0.892 -0.067 
US 0.323 0.588 0.566 0.216 0.312 0.187 0.158 0.309 0.158 0.027 0.535 0.957 
Note: The Unconditional Correlation Coefficients in Italics are significant at 5 per cent level and they can be found in the lover 
diagonal of the table. 
         The Anti-Image Correlations can be found in the upper diagonal of the table with Bold characters, while the elements of the 
main diagonal represent the measures of sampling adequacy. The anti-image correlation matrix contains the negative of the 
partial correlation coefficients.  
  A preliminary look at the unconditional correlation coefficients can be found in Table 1. after the filtration of 
the autocorrelation component. This indicates the overall correlation of markets in the period between 1997 and 
2012, with the average correlation of 0.294. Stock markets have not been strongly correlated, the highest 
coefficient is 0.871 (between France and United Kingdom), and the lowest is 0.003 (between Romania and 
Slovakia). As we can notice one of the highest coefficients can be found in the group of the developed markets 
from Europe, namely Germany, France and United Kingdom. A medium level of correlation is between the 
emerging countries of Europe, while the lowest degree of correlation is between the other markets and 
Slovakia. According to these results there is evidence of three factors. Also the anti-image correlation 
coefficients indicate that factor analysis is appropriate, the elements from the main diagonal all are above 0.5, 
most of them exceeding the threshold of 0.8; while the upper off-diagonal elements are relatively small.  
For analyzing the data we perform the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy, with the 
value of 0.889. test, which are designed to 
test for equality across variances in the group versus the alternative of unequal variances between the group. 
According to this if the correlation matrix is an identity matrix the factor model would be inappropriate, both 
yield that sphercity is not violated at a 5 per cent level. We applied the principal component analysis on the 
correlation matrix. We selected three factors based on the Scree test (not reported here but available from the 
authors upon request), the Kaiser criterion and the variance explained by eigenvectors for the principal 
component analysis. The three factors together account for 61.733% from the total variation. To facilitate the 
interpretation of the results we rotated the factors by an orthogonal method, varimax with maintaining the 
factors independent. For the ML method different numbers of factors were tested, but the three factor model 
was the most suitable. The results are robust and consistent for both the PCA and ML techniques, with the first 
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factor representing the Developed markets, containing from UK, DE, FR and USA;   the second factor the 
Asian markets, with IN, JP and HK; while the third factor the emerging markets from Europe, but only the 
markets PL, CZ and HU, excepting SL an RO. Even by excluding these from the analysis the results remain 
unchanged, with similar factor loadings. The interesting fact is that the markets from RO and SK show the 
lowest correlation with each other, and neither fits into the group of the East-European markets.   
Table 2.Varimax Rotated Factor Pattern Matrix  obtained  by PCA and ML methods  
Country Factor 1 Factor 2  Factor 3 Factor 1 Factor 2  Factor 3 
 Principal Component Method 
Factor Analysis by Maximum Likelihood 
Method 
CZ 0.176 0.291 0.009 0.364 0.270 0.596 
DE 0.492 -0.020 -0.013 0.849 0.204 0.200 
FR 0.484 0.016 -0.015 0.919 0.210 0.223 
HK -0.061 0.505 -0.009 0.164 0.897 0.129 
HU 0.207 0.233 0.003 0.361 0.264 0.543 
IN -0.053 0.399 0.006 0.167 0.371 0.239 
JP -0.108 0.484 0.045 0.156 0.539 0.173 
PL 0.173 0.284 -0.004 0.336 0.321 0.552 
RO -0.038 0.343 -0.040 0.132 0.241 0.317 
SK 0.002 -0.005 0.997 0.003 0.003 0.035 
UK 0.455 0.041 -0.002 0.827 0.241 0.258 
US 0.439 -0.110 0.031 0.571 0.115 0.144 
4. Conclusions 
The highest levels of correlations can be found between the countries homogenous from the point of view of 
economic development, but also which are located in the same regions. The PCA and the ML method report the 
same results, with three main integrated regions: developed markets, the markets from Asia and emerging 
markets from Europe, but with two outliers, RO and SK. According to our analysis international portfolio 
diversification to pay off an investor should include in his portfolio assets from the markets of Romania and 
Slovakia and markets and select from the three main formation only one market.  
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